5a-dihydrotestosterone (DHT), the natural steroid bound with highest affinity by SHBG, followed by measurement of the non-protein-bound fraction in treated and untreated aliquots of the sample by centrifugal ultrafiltration dialysis (CUFD). The advantages of CUFD for measuring the unbound fraction of E2 and T have been discussed previously (5, 6). Strictly speaking, this saturation technique (as well as the heat-inactivation method) should be considered as measuring non-SHBG-bound rather than albumin-bound steroid, although in most physiological situations the two measurements would be expected to be similar. Here we report our validation of the DHT-saturation method, theoretically and experimentally, for the measurement of non-SHBG-bound T and E2. The concentration of DHT that would be expected to saturate the high-affinity, low-capacity binding sites of SHBG, without affecting the low-affinity, high-capacity binding sites of albumin, is 1 imol/L. That is, the ratio of occupied SHBG to unoccupied SHBG is 5000:1. Therefore, an SHBG concentration of 100 nmol/L, which exceeds the normal reference interval for women, should be saturated by 1 mol of DHT per liter.
That is, the ratio of occupied SHBG to unoccupied SHBG is 5000:1. Therefore, an SHBG concentration of 100 nmol/L, which exceeds the normal reference interval for women, should be saturated by 1 mol of DHT per liter.
Ordinarily, the concentration of albumin in plasma is about 0.8 minolfL, which means that DHT at 1 pmolJL would be expected to occupy no more than 0.1% of the albumin binding sites, the affinity constant for the binding of DHT to albumin being 4 x i#{248} molJL. Therefore, adding this amount of DHT to serum, followed by CUFD, should allow measurement of the non-SHBG-bound fractions of both E2 and T.
Materials and Methods
Reagents: [1,2,6,7- International, Amersham, Bucks., U.K.. The radioactive steroids were purified by column chromatography on Lipidex 5000 (Canberra Packard, Pangboume, U.K.) no more than three days before use. AU chemicals were obtained from Sigma, Poole, U.K., unless otherwise stated. Here we propose and validate, both theoreticallyand experimentally, a new technique for measuring the percentage of non-sex-hormone-binding globulin (SHBG) bound to testosterone and estradiol. In this method, SHBG is saturated with 1 &mol of 5a-dihydrotestosterorie per liter and the nonprotein-bound fraction is subsequently measured in treated and untreated samples by centrifugal ultrafiltration dialysis (CUFD). We compared this technique with two previously published methods for measuring the percentage of albuminbound steroid-ammonium sulfate precipitation and heat denaturation of SHBG followed by CUFD-and also with previously published computer predictions. The ammonium sulfate precipitation gave results closest to the computerpredicted percentage of albumin-bound testosterone and estradiol. Of the two techniques involving CUFD, the 5a-dihydrotestosterone saturation method was the more reproducible. Results by both CUFD methods were higher than the computer-based predictions for albumin-bound steroid in pregnancy serum, in part perhaps because the CUFD measurements represent the non-SHBG-bound fraction rather than that which is albumin-bound alone.
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The bioavailability of steroids is determined by their binding to plasma proteins, and their fractional binding is ___________ frequently estimated in pathophysiological investigations. The most important binding proteins for testosterone ('F) and estradiol (E2) are albumin and sex-hormone-binding globulin (SHBG), the fraction bound to corticosteroid-binding globulin (CBG) and orosomucoid being <4% (1). Several techniques for measuring the non-protein-bound fraction of these sex steroids in serum have been reported, but only two methods have been widely used for measuring the albumin-bound or non-SHBG-bound fractions (albuminbound + non-protein-bound + that bound to other proteins): heat denaturation of SHBG (2) followed by measurement of the non-protein-bound fraction in the treated and untreated aliquots of the sample (3), and ainmonium sulfate precipitation of the SHBG-bound fraction (4 (4) . Briefly the procedure was as follows. We incubated, in quadruplicate, 200 iL of human serum with 80000 dpm of [3H1]Tor [3H}E2 in 300 L of isotonic saline for 60 mm at 20 #{176}C, followed by 15 mm at 4#{176}C. We then added 500 tL of saturated ammonium sulfate to duplicate tubes and 500 p.L of isotonic saline to another two tubes (for determining total counts), as they were being mixed, and promptly centrifuged these for 30 mm at 1500 x g. We then added 400 1L of the supernatant layer to 4 mL of scintillation cocktail (Optiphase "Safe"; Fisons, Loughborough, U.K.) and estimated the radioactivity by liquid scintillation counting. Radioactivity in the supernatant layer represents the fraction bound to albumin, trancortin, and orosomucoid, plus that which is non-protein-bound, and is calculated as a percentage of the total.
Heat denaturation of SHBG: We heated 50 L of human serum at 60 #{176}C for various periods before estimating the percentage of non-protein-bound steroid.
DHT 
Using centrifugation
at 1750 x g, we found that this method gave results for the percentage of non-protein-bound steroid that were time-dependent, confirming the observation of Moore et al. (7). We therefore used a 2-h centrifugation period, the percentage of non-protein-bound by the two-tier column assay as described previously (8) . The detection limit of the assay was 2 nmol/L.
Results

Heat Denaturation of SHBG
We conducted experiments to determine the time-course of the increase in the percentage of non-protein-bound steroid after denaturation of SHBG in serum samples at 60#{176}C. We found that the percentage of non-protein-bound steroid continued to increase after 30 mm of heating in all samples tested (Figure 1) . Therefore, for the method involving heat inactivation of SHBG before CUFD, we heated the samples at 60#{176}C for 60 mm rather than 30 mm as suggested elsewhere (3). We found that SHBG was undetected in samples from non-pregnant subjects after 60-min heating, but in three samples from pregnant women the mean concentration after heating was measured as 40 (SD 11) nmol/L (pretreatment value: 310, SD 5). 
Experimental Validation of DHT Saturation
Comparison of Techniques
We measured the fractional binding of T and E2 in pools of sera from normal men and normal, hirsute, and pregnant (third trimester) women by all three methods, and the results are compared in Table 1 . The measured percentages of non-SHBG-bound T and E2 in pools of serum from normal men and women were similar for both the heat-denaturation and the DHT-saturation method. These results are also similar to the computer-derived predictions of Dunn et al.
(1) for albumin-bound fractions. However, in the pregnancy pools we found that the heat-denaturation and DHTsaturation methods gave a much higher percentage of non-SHBG-bound T and E2 than did the computer-predicted values, while in this instance the animonium sulfate precipitation technique gave a result close to the predicted value.
The intra-assay CVs for both steroids were lower in the DHT and animonium sulfate precipitation techniques than for heat denaturation ( Table 2 ). The inter-assay CVs, however, were lower for the ammonium sulfate precipitation technique than for the other two. The DHT saturation results were more reproducible than those obtained by heat denaturation. 
Discussion
The technique we used to estimate the percentage of nonprotein-bound T and E2 in serum (5,6) has several advantages over the other techniques described, the most impor- suggest that time is an important variable for both proteinfree and serum samples; however, the g force we used was lower. The time-dependent effect we observed had stabilized by 90 mm at 1750 x g and remained constant for up to 240 mm. Therefore, we used a minimum centrifugation time of 2 h. These data confirm those recently published by Moore et al. (7) . The modified CUFD method we used gave estimates of non-protein-bound T and E2 percentages that agreed more closely with the computer-derived estimates ( Whether to use one of the methods involving CUFD or the ammomum sulfate method may depend on whether the analytical objective is measurement of the albumin-bound fraction or the non-SHBG fraction. The data on precision of the methods indicate that, of the two CUFD methods, DHT saturation has the better reproducibility.
